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Abstract 
Ramp is an important part of the interchange. The ramp design concept based on the running speed is a new design idea of the 
highway and interchange. By analysis of the influence factors of the interchange ramp running speed, this paper formulates the 
orthogonal experiment, and collects 14 ramps, in total of 147 groups of the running speed as the samples, and then analyzes the 
characteristics of the running speed of the vehicles on interchange ramp. According to the change trend of the running speed, the 
ramp is divided into three sections: deceleration section, uniform section, acceleration section. This paper mainly analyzes the 
relationship between the interchange ramp running speed of the three sections and the influence factors; and then this paper 
builds the interchange ramp running speed prediction model of the three sections. At last, correlation test will be validated, and 
verify the applicability of the model. 
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Peer-review under responsibility of Beijing Jiaotong University (BJU), Systems Engineering Society of China (SESC). 
Keywords: running speed; interchange; ramp; prediction model 
1. Introduction 
As one of the important types of the road intersection, interchange plays a connecting role among highways, 
urban expressways, provincial trunk highways, urban arterial roads and other main roads. Interchange is a kind of 
special facilities with the multilayer spatial structure form and the transfer function of three-dimensional transport 
(Luo, 1992; Wang, 2000).  
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The characteristic of the interchange area running speed is the basis of the design index selection of the 
interchange mainline and ramp route, and determines the construction scale and safety level of the interchange 
(Leisch, 1993). Design Specification for Highway Route (JTG B20-2006) introduces the relevant regulation of the 
running speed and safety evaluation in the first chapter: The connecting area where the speed of design road is 
different, and the area where the alignment design is restricted by some conditions, should be tested by the running 
speed (The Ministry of Communications, China., 1995). The prediction model of the vehicles running speed is the 
core of the design method of running speed, and the premise and foundation of quality evaluation of highway route 
design. Some researches and explorations have been done at home and abroad. Since the 1970s, some European and 
American countries have started to research the running speed prediction model. According to the actual situation, 
these countries began to observe the running speed and model under the different road conditions. In recent years, 
the foreign studies of the running speed prediction model have made a substantive breakthrough firstly, in some 
countries with developed road systems, such as some European and American countries. In our country, it has 
carried on the exploratory research on the observation and the modelling of the highway running speed, obtained the 
preliminary application achievement and got some preliminary validation and application in some designs and safety 
evaluations. Currently, the researches about the running speed prediction model of the highway interchange ramp 
are less at home and abroad. Therefore, it is necessary to select different forms of interchanges to start to observe 
and survey data on field. Based on the characteristics of the running speed on ramp, different types of vehicles 
running models in different part of the interchange ramp are built to ensure that the design types and design indexes 
of the model could satisfy the operation requirements of the continuous and safety of vehicles, and guarantee the 
good coordination of the running speed between the interchange area and connection sections. 
2. Analysis of influence factors of the interchange ramp running speed 
1.1. Definition and composition of interchange ramp 
Interchange ramp is a turning road which is used to connect the two intersecting roads: the upper road and the 
lower road (Lamn et al., 1993).  
Ramp is composed of the following three components shown in Fig. 1 (Chang'an University., 2001): 
 
 
Fig. 1. Schematic diagram of components of the interchange ramp 
 
z The deceleration lane for leaving the highway main road 
z Ramp route 
z The acceleration lane for joining the highway main road 
In the highway alignment design, there are two different methods commonly used in the international community, 
namely the design speed method and the running speed method. Because the running speed has obvious safety 
benefit compared to the traditional design speed method, the concept of running speed is widely used in Australia, 
Austria, France, Germany, Greece, Poland, Sweden, Switzerland, the United Kingdom and other countries. 
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1.2. Considerations of the interchange ramp running speed at home and abroad 
Because there is no exact calculation method of the vehicles running speed of the interchange ramp at home and 
abroad, the ramp calculation running speed that every country is taking is based on the main road calculation 
running speed, and multiplied by a coefficient less than 1.0. The result is treated as the calculation vehicles running 
speed of ramp. The ramp calculation running speed in each country shown as following: 
In the US, the ramp running speed generally depends on the functional classification and design speed of 
highway; In Australian National Road Association, the design speed depends on three indexes: the type of 
interchange, the connecting form of ramp and the value range of the highway design speed (Liapis et al., 2001). In 
Austria, Germany and South Africa, the ramp running speed mainly depends on the minimum radius of curve. In 
Japan, the major consideration factor is the road grade (Translation Group of Management Engineering Department 
of Ministry of Communications, 1991). 
According to the type of interchange and the two intersecting road grade, Australia  stipulates that 40 to 80% of 
the calculation running speed of the main road is the ramp calculation running speed; Austria uses 85% of the 
running speed to design the geometry alignment of the ramp but not design speed based on the design parameters 
involved in the Part or All Intersection of the Interchange Design; Japanese sets 50% to 80% of the main road 
calculation running speed as the calculation running speed of ramp. Design Specification for Highway Route in our 
country prescribes 50% to 70% of the main road calculation running speed as the calculation running speed of 
interchange ramp. 
1.3. Influence factors of the interchange ramp running speed 
The influence factors of the interchange ramp running speed include three aspects: geometric parameters, traffic 
parameters and environmental parameters (Garber and Gadiraju, 1989). 
Highway geometric parameters: the radius of horizontal curve, ultra-high, widening, longitudinal gradient, road 
cross-sectional dimensions (including the pavement width, shoulder width, marginal strip width and so on), 
installation of transportation facilities (including setting mode of anti-glare panels, signs and markings) surely have 
a certain impact on the vehicles running speed. 
Traffic parameters: The leading influence factors of the vehicles running speed are traffic volumes and vehicles, 
etc. 
Environmental parameters: The weather condition, traffic organization and management and others are the 
influence factors during the investigations. 
For the analysis of influence factors of the interchange ramp running speed, the first step is to analyze the three 
aspects: geometric parameters, traffic parameters and environmental parameters. And then we choose the influence 
factors which fit the characteristics of traffic flow and have a certain effect on the running speed. Through the 
experience summarize of the interchange ramp running speed at home and abroad and the systematic analysis of the 
influence factors of the running speed, finding out the greater influence factors of the interchange ramp running 
speed (CCRS and ultra-high) and excluding the other factors which have little effect (such as road width, slope, etc.) 
to determine the survey content and lay the foundation for the next step of the data collection. 
2. Data collection of interchange ramp running speed 
2.1.  Rules of influence factors and divisions of orthogonal test division 
According to the highway engineering technical standard and the actual situation, the same kind of research both 
at home and abroad, determine the change range of the influence factors of interchange ramp speed: ultra-high is 
usually among 0~6%, and the CCRS (curvature change rate) is generally between 0 and 4. 
                                                                Table 1. Level partitions of Ultra-high 
Level 1 2 3 
Ultra-high (%) 0-2 2-4 >4 
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                                                                 Table 2. Level partitions of CCRS 
Level 1 2 3 4 
CCRS (rad/km) 0-1 1-2 2-3 >3 
 
Design Specification for Highway Route provides minimum radius of interchange circular curve radius: 
 
  Table 3. Minimal radius of the interchange circular curve 
The design speed of ramp (km/h)  80 70 60 50 40 35 30 
The minimal radius of the 
interchange circular curve (m) 
Typical value 280 120 150 100 60 40 30 
Limitvalue 230 175 120 80 50 35 25 
 
Radius of Interchange circular curve=1/R, The corresponding radius of Interchange circular curve is: 
 
        Table 4. Maximum radius of the interchange circular curve 
The design speed of ramp (km/h)  80 70 60 50 40 35 30 
The maximum radius of the 
interchange circular curve (1/m) 
Typical value 3.57 8.33 6.67 10.00 16.67 25.00 33.33 
Limit value 4.37 5.71 8.33 12.50 20.00 28.57 40.00 
 
                                         Table 5. Level partitions of the interchange circular curve 
Level 1 2 3 
CCRS 
(rad/km) 3-10 10-15 
>
15 
2.2. Orthogonal experimental design 
The greater influence factor of the interchange ramp running speed are ultra-high and CCRS. As a result, the 
orthogonal experiment is two-factor experiment, and the design table of orthogonal experiment is as seen in Table 6: 
 
   Table 6. Orthogonal experimenttable of interchange ramp 
          Column No 
Experiment No 
Ultrahigh (%) CCRS˄rad/km˅ 
       Column No 
Experiment No. 
Ultrahigh (%) Circular curve˄rad/km˅ 
1 1 1 1 1 1 
2 1 2 2 1 2 
3 1 3 3 1 3 
4 1 4 4 2 1 
5 2 1 5 2 2 
6 2 2 6 2 3 
7 2 3 7 3 1 
8 2 4 8 3 2 
9 3 1 9 3 3 
10 3 2    
11 3 3    
12 3 4    
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2.3. Data collection 
In order to ensure the reliability of the research results, data samples should be massive and locations of data 
survey should be more representative. This paper investigates the vehicles running speed and the geometric 
parameters of the interchange ramp based on four representative interchanges (including the Big Yang Fang Bridge 
interchange, Ma Jia Lou Bridge interchange, Si Fang Bridge interchange, Wu Fang Bridge interchange), a total of 
14 ramps (12 ramps for orthogonal experiment investigation point, the others as the equipment of the running speed 
model validation). 
For pre-selected interchange ramp, the vehicles equipped with Gipsitrk road alignment instrument go around the 
ramp at a constant speed to obtain some geometric parameter data: corners, gradient, curvature of the vertical curve, 
curvature of the plane curve, ultra-high, etc. Analysis of the obtained ramp geometric data, the paper selects the 
piecewise point and then determines the investigation points of ramp. After the investigation points are determined, 
using radar speedometer on each investigation point to survey vehicles running speed of the ramp. More than 60 





Fig. 2. Schematic diagram of investigation on interchange ramp running speed 
3. Characteristic analysis of interchange ramp running speed 
3.1. Characteristic analysis of running speed of vehicles on ramp 
The driving process of vehicles on ramp can be divided into three stages: the driving process of diffluence and 
deceleration, the driving process of uniform as well as the driving process of confluence and acceleration (Lamm 
and Choueiri, 1987; Sembord and In’t Veld, 2000). Accordingly, a turning ramp can be divided into the following 
three sections: 
x The deceleration lane away from the main road of highway (diffluence and deceleration) 
x Ramp route (uniform or variable speed) 
x The acceleration lane flowing into the main road of highway (confluence and acceleration) 
Choose a representative interchange ramp as an example (shown in Fig. 3) and analyze the running speed 
characteristic of vehicles on ramp. 
    
           (a)                                                                                              (b)  
Fig. 3. (a) Schematic diagram of the interchange ramp segmentation;  
            (b) Running speed chart of the representative interchange ramp 
Test point 
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The variation phase in the running speed of the small vehicles on the representative interchange ramp is shown as 
following: 
x After driving out of the exit ramp, the speed of the vehicles reduces obviously. During the deceleration phase of 
the exit ramp, as can be seen from the survey data which are obtained from the exit ramp, the range of the 
deceleration is from 10 km/h to 15 km/h and the running speed is basically between 40 km/h and 80 km/h in 
general. 
 
 Table 7. Running speed of the small vehicles on the representative interchange ramp 
Running segment Deceleration segment Uniform segment Acceleration segment 
 before during after  before during after 
Running speed(km/h) 75 68 63 58 64 70 78 
Standard variance 13.00 11.49 14.79 13.26 12.26 13.63 11.45 
Sample variance 169.00 132.02 218.74 175.82 150.30 185.77 131.10 
Maximum 89 77 76 63 75 79 89 
Minimum 56 47 42 39 40 43 51 
Samples 63 61 63 60 60 61 56 
 
x In the middle of the plane curve, there is a uniform segment, where the vehicles travel at a constant speed. No 
matter the vehicles are uphill or downhill, the amplitude of variation is similar in the view of the running speed. 
The conclusion can be draw that longitudinal gradient has no significant effect on the psychological of the driver. 
x Vehicles are in an acceleration phase when they are at the end of the plane curve which is connected with the 
entrance ramp. The speed of vehicles in this section is closed to the desired speed. The slope angle and slope 
length have no significant effect on the desired speed of the driver. 
x After driving into the entrance ramp, the running speed of the vehicles will reach the desired speed and then drive 
into the main road at a desired speed. The running speed reflects a kind of desired speed. 
3.2. Ramp section 
According to the characteristic of the running speed of the vehicles on the interchange ramp, the running speed of 
vehicles on ramp can be divided into three sections: deceleration section, uniform section and acceleration section. 
During the acceleration and deceleration section, the CCRS has the most significant influence on the running speed 
and there are different CCRS corresponding to the different running speed. The smaller the CCRS is, the more 
gently of the route is and the higher the speed is. Conversely the speed is lower. However, when the CCRS expands 
to a certain degree, it will have little impact on the running speed, even negligible, and the CCRS can be treated as a 
straight line. Ultra-high has some impact on the vehicles running speed. During the uniform section, the ultra-high 
and the radius of the plane curve have a significant influence on the vehicles running speed. 
After driving out of ramp from the main road, the vehicles enter ramp. According to the ramp route, the vehicles 
will enter the deceleration section at a certain speed. According to the theoretical principles of the driver and then 
vehicles enter the uniform section at the desired deceleration values of the driver. After driving into the transition 
curves connected with the entrance ramp, according to the alignment of transition curves, the driver drives into the 
ramp at the desired acceleration, and then enters the main road (Lunenfeld, 1993).  
4. Establishment of interchange ramp running speed model 
The survey uses the Gipsitrk road alignment instrument to test the ramp linear indicators which include corners, 
gradient, curvature of the vertical curve, curvature of the plane curve, length of ramp, ultra-high, etc. According to 
the survey data, the values of the relevant influencing factors (ultra-high, CCRS) can be drawn after calculation. 
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The vehicles running speed is investigated through the radar and 85% of the running speed in the survey data is 
treated as the calculation driving speed of the vehicles. 
4.1.  Establishment of the running speed model in deceleration section of the ramp 
 
Fig. 4. Running speed-influence factors of deceleration section 
 
In the deceleration section of the ramp, ultra-high has a certain influence on the running speed of the small 
vehicles and there is a positive correlation relationship, but the influence degree is limited. However, the CCRS has 
a greater influence on the running speed of the small vehicles and there is a negative correlation relationship. 
According to the survey data, the paper uses the data processing software SPSS to simulate and test regression 
model for the running speed prediction model in deceleration section of the ramp, and the model test parameter is 
R2=0.756<1: 
 
V85=74.195-4.651CCRS+1.826i                                                   (1) 
Where: V85——running speed; 
CCRS——curvature change rate (rad/km); 
i——ultra-high (%). 
4.2. Establishment of the running speed model in uniform section of the ram 
 
Fig. 5. Running speed-influence factors of uniform section  
 
In the uniform section of the ramp, ultra-high has a certain influence on the running speed of the small vehicles 
and there is a positive correlation relationship, but the influence degree is limited. However, the circular curve 
curvature has a greater influence on the running speed of the small vehicles and there is a negative correlation 
relationship. According to the survey data, the paper uses the data processing software SPSS to simulate and test 
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regression model for the running speed prediction model in deceleration section of the ramp, and the model test 
parameter is R2=0.818<1: 
 
                                           V85=63.521-0.314/R+0.737i                                                         (2) 
Where: V85——running speed;  
1/R—circular curve curvature (rad/km); 
i——ultra-high (%). 
4.3. Establishment of the running speed model in acceleration section of the ramp 
 
Fig. 6. Running speed-influence factors of acceleration section 
 
In the acceleration section of the ramp, ultra-high has a certain influence on the running speed of the small 
vehicles and there is a positive correlation relationship, but the influence degree is limited. However, the circular 
curve curvature has a greater influence on the running speed of the small vehicles and there is a negative correlation 
relationship. According to the survey data, the paper uses the data processing software SPSS to simulate and test 
regression model for the running speed prediction model in deceleration section of the ramp, and the model test 
parameter is R2=0.846<1: 
 
                                 V85=81.706-4.523CCRS+0.381i                                                  (3) 
 
Where: V85——running speed; 
CCRS——curvature change rate (rad/km); 
 i——ultra-high (%). 
5. Validation of interchange ramp running speed prediction models 
To verify the accuracy of the model, it is necessary to test the interchange ramp running speed prediction model 
of each section. 
This paper continues to verify the model by regression analysis. On the one hand is to check whether the model is 
abnormal or not, on the other hand is to analyze precision of the model. Generally, the relative error is used to 
describe the accuracy of the model: 
Relative error value:  
 
_Model predicted value –Observations value_ Observations value                         (4) 
 
Average value of the relative error: 
 
_Model predicted value –Observations value_ n                                         (5) 
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Validation data adopt the survey data of the reserved two ramps, and do not participate in the statistical analysis 
and calibration of the validation model. These data are respectively used to verify the running speed prediction 
model of the ramp in deceleration section, uniform section and acceleration section. The corresponding running 
speed model compares with other models respectively, in order to verify the model. 
The survey data to verify each section of the ramp are shown in table 8 to table 10. 
  Table 8. Survey data to verify the deceleration segment of the ramp 
Column No 
Experiment No. 
Small cars running speed (km/h) Ultra-high (%) CCRS˄rad/km˅ 
1 73 2.7 1.2 
2 62 1.5 3.2 
 
   Table 9. Survey data to verify the uniform segment of the ramp 
Column No 
Experiment No. 
Small cars running speed (km/h) Ultra-high (%) 
Circle of curvature 
˄1/m˅ 
1 63 3.3 7.1 
2 63 2.7 6.6 
 
Table 10. Survey data to verify the acceleration segment of the ramp 
Column No 
Experiment No. 
Small cars running speed (km/h) Ultra-high (%) CCRS˄rad/km˅ 
1 77 2.7 1.2 
2 76 2.8 1.4 
 
According to the survey data, the forecasting result of the each section prediction model of the ramp compares 
with the actual survey running speed. The analysis result is shown in table 11: 
 
      Table 11. Relative prediction error and relative deviation 
Model Name Observed value 
Prediction 
value 
Relative error The average value of relative error 
The running speed of deceleration 
section prediction model 
1 71 73 2.81% 2.96% 
 2 64 62 3.12% 
The running speed of uniform 
section prediction model 
1 65 63 3.07% 3.80% 
 2 66 63 4.54% 
The running speed of acceleration 
section prediction model 
1 81 77 4.93% 
4.36% 
2 79 76 3.79% 
 
As can be seen from the table 11, the average value of the relative prediction error of the model is less than 5%. 
6. Conclusion 
Through the analysis and study of the actual survey data of the interchange ramp, this paper establishes the 
collection method based on Gipsitrk road alignment detector, and collects a large number of vehicles running speeds 
from the actual interchange ramps, and then builds an actual database which is used to analyze the interchange 
running speed model. What’s more, this paper calibrates the interchange running speed model parameters which fit 
the road various conditions of our country. At the same time, this paper establishes the running speed prediction 
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model for each section by the data processing software SPSS, and then tests the correlation and validates the model 
through the actual survey data. As a result, the relative error of the prediction mode is less than 5%, thus proving the 
correctness of the model.  
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